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(57)  In a fuel injection apparatus (1) configured so
that high-pressure fuel from a common rail (2) is sup-
plied to an injector (8) through a pressure booster (4), it
is discriminated whether reduction of the fuel pressure
in the common rail (2) is necessary, the spill amount of
the high-pressure fuel necessary for pressure reduction
is computed when pressure reduction is discriminated
to be necessary, and a control solenoid valve (48) is
open/close controlled to spill said spill amount of the
high-pressure fuel to the low-pressure side at a time
point when fuel injection from the injector (8) is not being
conducted.

ACCUMULATOR-TYPE FUEL INJECTION DEVICE
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Description

TECHNICAL FIELD

[0001] The presentinvention relates to a common rail
fuel injection apparatus that injects/supplies high-pres-
sure fuel once accumulated at high pressure in a com-
mon rail (pressure accumulation chamber) into diesel
engine cylinders by means of injectors.

BACKGROUND ART

[0002] The conventional common rail fuel injection
apparatus has the problem of causing problems in the
operation of injecting fuel from the injectors. One of
these is that when fuel injection is abruptly terminated
because, for instance, the driver has taken his or her
foot off the accelerator pedal to invoke engine braking
effect, the rail pressure rises to above the desired pres-
sure so that when fuel injection is resumed, high-pres-
sure fuel is injected at one time within a short period.
Japanese Unexamined Patent Publication No. Hei 11
(1999)-173192, for example, teaches a configuration for
overcoming this drawback by utilizing the fact that a de-
lay arises between the time when the solenoid valve of
an injector operates and the time when the valve body
actually lifts to assume the valve-open state, i.e., by
opening the solenoid valve of the injector in the course
of this delay for a time period shorter than the delay,
thereby spilling high-pressure fuel in the common rail to
the low pressure side through the solenoid valve and
lowering the rail pressure, without conducting fuel injec-
tion into the cylinder from the injector.

[0003] With this proposed configuration, however, the
solenoid valve opening operation for lowering the fuel
pressure in the common rail using the solenoid valve of
the injector must be effected under very restricted con-
ditions and, moreover, the fuel must be spilled within a
period even shorter than the short period of about sev-
eral msec during which the solenoid valve of the injector
opens the valve body. Problems therefore exist in the
points that the reduction rate of the rail pressure is dif-
ficult to increase, that when the operating state of the
engine changes radically, it is hard to keep up by lower-
ing the rail pressure to appropriate values, and that cas-
es frequently arise in which optimum combustion cannot
be achieved in the cylinder.

[0004] An object of the present invention is to provide
a common rail fuel injection apparatus that enables the
foregoing problems in the prior art to be solved.

[0005] Another object of the present invention is to
provide a common rail fuel injection apparatus that en-
ables reduction of rail pressure to be conducted rapidly.
[0006] Another object of the present invention is to
provide a common rail fuel injection apparatus that en-
ables fuel injection operation to be conducted stably.
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DISCLOSURE OF THE INVENTION

[0007] The presentinvention concerns a common rail
fuel injection apparatus configured to send high-pres-
sure fuel once accumulated in a common rail to injectors
through a pressure booster, specifically to one that en-
ables reduction of rail pressure to be conducted at high
speed by using a boost pressure control solenoid valve
installed in the pressure booster to spill high-pressure
fuel in the common rail to the low-pressure side.
[0008] The charactering feature of the present inven-
tion is the point that, in a common rail fuel injection ap-
paratus configured so that high-pressure fuel from a
common rail for accumulating fuel supplied under pres-
sure from a fuel supply pump is sent through a pressure
booster to an injector open/closed controlled by fuel in-
jection control means and wherein pressure boost con-
trol in the pressure booster is conducted by using a con-
trol solenoid valve to regulate the amount of the high-
pressure fuel supplied to the pressure booster that is
spilled to the low-pressure side, there are provided dis-
crimination means for discriminating whether reduction
of the fuel pressure in the common rail is necessary, spill
amount computing means for computing a high-pres-
sure fuel spill amount necessary for pressure reduction
when the discrimination means discriminates that pres-
sure reduction is necessary, and solenoid valve control
means responsive to the spill amount computing means
and the fuel injection control means for open/close con-
trolling the control solenoid valve so as to spill the high-
pressure fuel to the low-pressure side at a time point
when fuel injection from the injector is not being con-
ducted.

[0009] Sincerapid reduction of the rail pressure is per-
formed by using the control solenoid valve preinstalled
in the pressure booster to spill high-pressure fuel in the
common rail to the low-pressure side, the rail pressure
can be effectively reduced in a short time, merely by
making minor changes in the configuration of the control
section or to its program. Therefore, the configuration
enables the rail pressure of the common rail to be re-
duced more rapidly than heretofore despite its low cost,
and since any abrupt fuel injection termination operation
that occurs can be prevented from giving rise to prob-
lems in the fuel injection operation thereafter, it is pos-
sible to realize a common rail fuel injection apparatus
that is low in cost and high in performance.

[0010] The control solenoid valve can be configured
to be open/close controlled so as to spill the high-pres-
sure fuel to the low-pressure side for a prescribed time
period at said time point. Further, spill amount comput-
ing means for computing a high-pressure fuel spill
amount necessary for pressure reduction can be further
provided, and the solenoid valve control means can be
adapted to open/close control the control solenoid valve
in response to the spill amount computing means and
the fuel injection control means so as to spill said spill
amount of the high-pressure fuel to the low-pressure
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side at a time point when fuel injection from the injector
is not being conducted. A configuration can be adopted
wherein the discrimination means includes desired
pressure computing means for computing a desired
pressure of the common rail and a rail pressure sensor
for detecting actual pressure of the common rail and dis-
criminates whether pressure reduction is necessary by
comparing the desired pressure and the actual rail pres-
sure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a schematic diagram showing an embodi-
ment of the fuel injection apparatus for an internal
combustion engine in accordance with the present
invention.

Fig. 2 is a sectional view showing structural details
of a pressure booster shown in Fig. 1.

Fig. 3 is a block diagram for explaining structural
details of a control unit shown in Fig. 1.

Fig. 4 is a flowchart of a control program executed
in a microcomputer of the control unit for controlling
the pressure booster.

Fig. 5Ais a graph showing the open/close operation
of a control solenoid valve in the case of not con-
ducting common rail pressure reduction operation.
Fig. 5B is a graph showing the fuel injection opera-
tion at the injector in the case of not conducting
common rail pressure reduction operation.

Fig. 5C is a graph showing the time-course change
in the fuel injection from the injector, etc., in the case
of not conducting common rail pressure reduction
operation.

Fig. 6Ais a graph showing the open/close operation
of the control solenoid valve in the case of conduct-
ing rapid pressure reduction.

Fig. 6B is a graph showing the fuel injection opera-
tion at the injector in the case of conducting rapid
pressure reduction.

Fig. 6C is a graph showing the time-course change
in the fuel injection from the injector, etc., in the case
of conducting rapid pressure reduction.

BEST MODE OF CARRYING OUT THE INVENTION

[0012] Inorderto clarify the presentinventionin great-
er detail, it will now be explained with reference to the
attached drawings.

[0013] Fig. 1is a schematic diagram showing an em-
bodiment of the fuel injection apparatus for an internal
combustion engine in accordance with the present in-
vention. The fuel injection apparatus 1 is a common rail
fuel injection apparatus for an internal combustion en-
gine, which is equipped with a common rail 2 and a high-
pressure pump assembly 3 for supplying high-pressure
fuel to the common rail 2 and is configured to supply
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high-pressure fuel accumulated in the common rail 2 to
an injector 8 through a pressure booster 4. The injector
8 is equipped with a solenoid valve 8A for injection con-
trol and the apparatus is configured to open/close con-
trol the solenoid valve 8A in response to a first control
signal M1 from a control unit 7 so that a required quantity
of the high-pressure fuel is injected into an associated
cylinder of an unshown diesel engine at a prescribed
time point. In the interest of simplifying the drawing, only
one set of the pressure booster 4 and injector 8 is
shown, but there are actually provided a number of sets
equal to the number of cylinders of the diesel engine.
[0014] Since the structure of the injector 8 for control-
ling injection by the opening/closing of the solenoid
valve 8A is itself known, further detailed explanation of
the structure of the injector 8 will be omitted here.
[0015] The high-pressure pump assembly 3 is consti-
tuted by integrally assembling a main high-pressure
pump unit 31 driven by the diesel engine, a fuel metering
unit 32 and an inlet/outlet valve 33. Fuel is supplied to
the fuel metering unit 32 from a fuel tank 5 by a feed
pump 6. The fuel metering unit 32 regulates the flow rate
of the fuel supplied from the feed pump 6 to make the
fuel pressure that required by the diesel engine and
feeds the fuel to the inlet/outlet valve 33. The inlet/outlet
valve 33 supplies the fuel received from the fuel meter-
ing unit 32 to a plunger chamber (not shown) of the high-
pressure pump assembly 3 and supplies the fuel raised
to a high pressure in the plunger chamber to the com-
mon rail 2 while preventing it from flowing back to the
fuel metering unit 32. The regulation of the fuel flow rate
in the fuel metering unit 32 is conducted by open/close
control of a solenoid valve 34 provided in the fuel me-
tering unit 32.

[0016] Designated by reference numeral 7 is a control
unit, constituted using a microcomputer 7A, for control-
ling the different parts of the fuel injection apparatus 1
as explained later. The control unit 7 is input with an ac-
tual pressure signal U1 from a pressures sensor 2A that
detects the fuel pressure in the common rail 2 (rail pres-
sure). In addition, the control unit 7 is input by an RPM
sensor 9A with an RPM signal U2 representing the en-
gine speed of the diesel engine, by a coolant tempera-
ture sensor 9B with a coolant temperature signal U3 rep-
resenting the coolant temperature of the diesel engine
and by a fuel temperature sensor 9C with a fuel temper-
ature signal U4 representing the temperature of the fuel
supplied to the common rail 2; and the control unit 7 is
further input by an accelerator sensor 9D with an accel-
erator signal U5 representing the amount of operation
of an accelerator pedal (not shown).

[0017] The control unit 7 is configured to respond to
the actual pressure signal U1, RPM signal U2, coolant
temperature signal U3, fuel temperature signal U4 and
accelerator signal U5 by outputting a second control sig-
nal M2 for open/close controlling the solenoid valve 34
so as to maintain the pressure of the high-pressure fuel
accumulated in the common rail 2 at a required level.



5 EP 1 520 979 A1 6

[0018] The second control signal M2 output by the
control unit 7 for open/close controlling the solenoid
valve 34 is a pulse signal whose duty ratio is set in the
control unit 7 to an output value for controlling the sole-
noid valve 34. This makes it possible to regulate the flow
rate of the high-pressure fuel flowing to the common rail
2 from the main high-pressure pump unit 31, and this
flow rate regulation makes it possible to control the pres-
sure of the high-pressure fuel in the common rail 2 to
the prescribed pressure. Since the configuration of the
high-pressure pump assembly 3 whereby the solenoid
valve 34 is open/close operated by such duty ratio con-
trol so as to conduct flow rate regulation of the fuel is
itself known, detailed explanation regarding the high-
pressure pump assembly 3 is omitted.

[0019] Structural details of the pressure booster 4 are
shown in Fig. 2. The pressure booster 4 is a device of
known structure configured such that a booster piston
45 composed of large-diameter piston 43 and a small-
diameter piston 44 is housed in a cylinder chamber 42
within a main body 41 and a spring 46 spring-biases the
booster piston 45 in the direction of the arrow X. It is
configured to supply high-pressure fuel from the com-
mon rail 2 to a first chamber 42A divided off by the large-
diameter piston 43 and to send pressure-boosted high-
pressure fuel from a second chamber 42B divided off by
the small-diameter piston 44 to the injector 8.

[0020] A third chamber 42C that houses the spring 46
communicates with the first chamber 42A through an or-
ifice 43A formed in the large-diameter piston 43. The
first chamber 42A and the second chamber 42B are con-
nected through an oil duct 47A provided with a check
valve 47 to form a configuration that enables high-pres-
sure fuel to be passed only from the first chamber 42A
to the second chamber 42B, whereby by the high-pres-
sure fuel can be supplied from the first chamber 42A to
the second chamber 42B. Further, the third chamber
42C is connected to the fuel low-pressure side by an oil
duct 48A. This configuration enables the boosted pres-
sure of the high-pressure fuel by the pressure booster
4 to be controlled by open/close controlling a control so-
lenoid valve 48 provided in the oil duct 48A to regulate
the fuel pressure in the third chamber 42C. The control
solenoid valve 48 is constituted as an open/close valve
and the close or open state of the control solenoid valve
48 is controlled in response to a third control signal M3
from the control unit 7. Since the structure of the pres-
sure booster 4 shown in Fig. 2 is itself known, detailed
explanation regarding the operation for boosting pres-
sure will be omitted.

[0021] Fig. 3 shows a detailed configuration diagram
of the control unit 7. In the control unit 7, 71 is an injec-
tion control section for controlling the injector 8, 72 is a
rail pressure control section for controlling the rail pres-
sure of the common rail 2, and 73 is a pressure booster
control section for controlling the pressure booster 4.
Each of the injection control section 71, rail pressure
control section 72 and pressure booster control section
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73 are input with the actual pressure signal U1, RPM
signal U2, coolant temperature signal U3, fuel temper-
ature signal U4 and accelerator signal U5 as input sig-
nals. The injection control section 71 is responsive to
these input signals for computing/outputting an injection
control signal C1 for controlling fuel injection from the
injector 8, and the injection control signal C1 is fed to an
injector power control section 71A; the injector power
control section 71A outputs a first control signal M1 cor-
responding the injection control signal C1. Although ex-
planation has been made here with regard to a single
injector 8, actually multiple injectors are provided. While
the same control is effected with respect to each injector,
the details thereof are omitted.

[0022] In accordance with a conventional configura-
tion, the rail pressure control section 72, which is a con-
trol section for controlling the fuel pressure in the com-
mon rail 2 to the optimum value, is responsive to the
input signals for outputting a rail pressure control signal
C2, and a high-pressure pump power control section
72A is responsive to the rail pressure control signal C2
for outputting the second control signal M2.

[0023] The pressure booster control section 73 is con-
figured to be responsive to both the input signals and
also the injection control signal C1 to output an open/
close control signal C3 to a control solenoid valve power
control section 73A; the control solenoid valve power
control section 73A outputs the third control signal M3.
[0024] Explanation regarding the pressure booster
control section 73 will now be made with reference to
Fig. 4. Fig. 4 is a flowchart of a control program for con-
trolling the pressure booster 4 that is executed in the
microcomputer 7A of the control unit 7. The pressure
booster control section 73 will be explained based on
this flowchart. When execution of the control program is
initiated, first, in step S1, the desired rail pressure, i.e.,
the desired pressure of the fuel in the common rail 2, is
computed based on the input signals U2-U5. In the fol-
lowing step S2, the actual rail pressure, i.e., the actual
fuel pressure in the common rail 2, is detected from the
actual pressure signal U1. Then, in step S3, the pres-
sure deviation AP between the actual value PA and the
desired value PT of the fuel pressure in the common rail
2 (= PA - PT) is calculated, whereafter control passes to
step S4.

[0025] In step S4, it is checked whether the pressure
deviation AP is greater than a prescribed value K for dis-
criminating rapid pressure decrease. The prescribed
value K represents a discrimination reference pressure
for discriminating whether or not rapid reduction of rail
pressure is necessary because the rail pressure of the
common rail 2 has come to greatly exceed the desired
rail pressure for a reason such as that the accelerator
pedal was abruptly released.

[0026] When AP <Kin step S4, the discrimination re-
sult in step S4 is NO and control passes to step S5, in
which the rail pressure control section 72 performs nor-
mal pressure control by duty ratio control of the solenoid
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valve 34, and feedback control is performed to make the
fuel pressure in the common rail 2 the desired value.
[0027] When AP > K in step S4, the discrimination re-
sult in step S4 is YES, a measure is initiated to rapidly
reduce the fuel pressure in the common rail 2 by opening
the control solenoid valve 48.

[0028] Specifically, in the fuel injection apparatus 1,
when the rail pressure in the common rail 2 assumes a
high-pressure state of over a prescribed level that
makes rapid pressure reduction necessary, the control
solenoid valve 48 used to control the boosted pressure
in the pressure booster 4 is used for the purpose of rapid
pressure reduction by spilling high-pressure fuel in the
common rail 2 to the low pressure side. As can be seen
from Fig. 2, when the control solenoid valve 48 is
opened, the pressure of the third chamber 42C declines
to spill high-pressure fuel supplied from the common rail
2 to the low pressure side through the first chamber 42A,
orifice 43A and third chamber 42C, whereby the rail
pressure can be reduced relatively rapidly.

[0029] The rapid pressure reduction by the control so-
lenoid valve 48 needs to be performed by spilling the
required amount at a time point where there is no ad-
verse effect on the fuel injection operation of the injector
8 and the fuel injection operation of the other injectors
that are not shown.

[0030] Therefore, a desired spill amount required for
pressure reduction is calculated in response to the ac-
tual pressure signal U1 in step S6, the pressure reduc-
tion operation start time, i.e., the time point of the valve
opening operation of the control solenoid valve 48 for
pressure reduction, is computed in step S7, and the
pressure reduction power application period, i.e., the
valve-open period of the control solenoid valve 48 nec-
essary to realize the desired spill amount, is computed
in step S8.

[0031] Instep S9, the open/close control signal C3 for
pressure reduction by controlling the valve opening op-
eration of the control solenoid valve 48 is output based
on the computation results in the steps S6, S7 and S8.
The open/close control signal C3 is sent to the control
solenoid valve power control section 73A (see Fig. 3)
and the control solenoid valve power control section 73A
applies the third control signal M3 for opening/closing
the control solenoid valve 48 in accordance with the
open/close control signal C3 to the control solenoid
valve 48. This reduces the fuel pressure in the common
rail 2 at a stroke. As a result, the excessively high fuel
pressure in the common rail 2 is lowered with excellent
responsiveness so that the pressure in the common rail
2 can be brought to the required target value in a short
time.

[0032] Next, the rapid rail pressure reduction opera-
tion using the pressure booster 4 will be explained with
reference to Figs. 5A - 5C and Figs. 6A - 6C.

[0033] Figs. 5A-5C are graphs showing an operation
example in the case of not conducting rapid pressure
reduction. Fig. 5A is a graph showing the open/close op-
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eration of the control solenoid valve 48, Fig. 5B is a
graph showing the fuel injection operation at the injector,
and Fig. 5C is a graph showing the time-course change
in the fuel injection from the injector, etc. Here, the con-
trol solenoid valve 48 is opened for a prescribed time
period at time points TA, TB synchronously with fuel in-
jection so as to lower the backpressure of the large-di-
ameter piston 43 and, by this, boost the fuel pressure to
increase the injection quantity at the late stage of each
fuel injection. In this case, the rail pressure declines ow-
ing to the opening of the control solenoid valve 48 at
time point TA but returns almost to the original level by
the next time point TB, so that the injection quantity de-
crease AQ1 at time point TB is very small.

[0034] On the other hand, Figs. 6A - 6C are graphs
showing an operation example in the case of conducting
rapid pressure reduction. Fig. 6A is a graph showing the
open/close operation of the control solenoid valve 48,
Fig. 6B is a graph showing the fuel injection operation
at the injector, and Fig. 6C is a graph showing the time-
course change in the fuel injection from the injector, etc.
This is an example of the case where the control sole-
noid valve 48 is opened for the purpose of rapid pres-
sure reduction at time points T1 and T2 where fuel in-
jection from the injector at time points TA and TB is not
affected. At time points T1 and T2, high-pressure fuel in
the common rail 2 is allowed to escape to the low-pres-
sure side through the control solenoid valve 48, whereby
the rail pressure can be rapidly reduced. As a result, the
injection quantity decrease AQ2 at the next injection
time point TB is larger than AQ1 in the case of Fig. 5.
[0035] The example shown in Figs. 6A - 6C was ex-
plained regarding the case of conducting the operation
for pressure reduction by opening the control solenoid
valve 48 twice at the time points T1 and T2. However,
the number of operations of the control solenoid valve
48 for pressure reduction operation can be any number
of times insofar as no problem arises in the fuel injection
operation by the injector and the amount of fuel spilled
each time can be appropriately determined in view of
the required pressure reduction.

[0036] In accordance with this configuration, it be-
comes possible to effectively reduce the pressure of the
high-pressure fuel in the common rail 2 in a short time
using the control solenoid valve 48 preinstalled in the
pressure booster, merely by making minor changes to
its control section configuration or to its program. There-
fore, the configuration enables the rail pressure of the
common rail 2 to be reduced more rapidly than hereto-
fore despite its low cost. As a result, since any abrupt
fuel injection termination operation that occurs can be
prevented from giving rise to problems in the fuel injec-
tion operation thereafter, it is possible to realize a com-
mon rail fuel injection apparatus that is low in cost and
high in performance.
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INDUSTRIAL APPLICABILITY

[0037] As set out in the foregoing, the common rail
fuel injection apparatus of the present invention is effec-
tive for preventing abrupt fuel injection termination op-
eration from giving rise to problems in the fuel injection
operation thereafter.

Claims

1. A common rail fuel injection apparatus configured
so that high-pressure fuel from a common rail for
accumulating fuel supplied under pressure from a
fuel supply pump is sent through a pressure booster
to an injector open/closed controlled by fuel injec-
tion control means and wherein pressure boost con-
trol in the pressure booster is conducted by using a
solenoid valve to regulate an amount of the high-
pressure fuel supplied to the pressure booster that
is spilled to the low-pressure side, the common rail
fuel injection apparatus being characterized in
that it comprises:

discrimination means for discriminating wheth-
er reduction of fuel pressure in the common rail
is necessary,

spill amount computing means for computing a
high-pressure fuel spill amount necessary for
pressure reduction when the discrimination
means discriminates that pressure reduction is
necessary, and

solenoid valve control means responsive to the
spill amount computing means and the fuel in-
jection control means for open/close controlling
the control solenoid valve so as to spill the high-
pressure fuel to the low-pressure side at a time
point when fuel injection from the injector is not
being conducted.

2. A common rail fuel injection apparatus as claimed
in claim 1, wherein the control solenoid valve is
open/close controlled so as to spill the high-pres-
sure fuel to the low-pressure side for a prescribed
time period at said time point.

3. A common rail fuel injection apparatus as claimed
in claim 1, further comprising spill amount comput-
ing means for computing a high-pressure fuel spill
amount necessary for pressure reduction,

the solenoid valve control means open/close
controlling the control solenoid valve in re-
sponse to the spill amount computing means
and the fuel injection control means so as to
spill said spill amount of the high-pressure fuel
to the low-pressure side at a time point when
fuel injection from the injector is not being con-
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ducted.

A common rail fuel injection apparatus as claimed
in claim 1, configured such that the discrimination
means is equipped with desired pressure comput-
ing means for computing a desired pressure of the
common rail and a rail pressure sensor for detecting
actual pressure of the common rail and discrimi-
nates whether pressure reduction is necessary by
comparing the desired pressure and the actual rail
pressure.
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